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Role of Software Working Group
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Workflow environment for EICUG 
• to use (tools, documentation, support) and 
• to grow with user input (direction, documentation, tools)

Involvement from EICUG

Support

Develop

e.g. benchmark processes, 
detector designs, reconstructions 

algorithms



Role of   Software Working Group  in the Yellow Reports organization
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Physics Working Group

Conveners + ex-offico

Detector Working Group

Simulation team: Software Working Group

Conveners + ex-offico

Software Sub-group

Software Working Group



Introduction
Getting started
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Point of entry
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Collaborative workspace for EICUG
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• narrative of the analysis 

Jupyter Notebooks
• writing analysis code

• visualization of results

JupyterLab
• web-based interactive analysis environment
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• narrative of the analysis 

Jupyter Notebooks
• writing analysis code

• visualization of results

Python

Root/C++



JupyterLab environment

• bridge to modern data science, e.g., 

• collaborative workspace to create and share Jupyter Notebooks

• web-based interactive analysis environment accessible, 
consistent, reproducible analyses

• fully extensible and modular build a collection of analyses and 
analysis tools

• narrative of the analysis 

Jupyter Notebooks
• writing analysis code

• visualization of results

Python

Root/C++
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• Nature 563, 145-146 (2018): “Why 
Jupyter is data scientists’ 
computational notebook of choice”

• more than three million Jupyter
Notebooks publicly available on 
GitHub



Modular design

Escaping complexity scaling trap
• provide interfaces to internal layers
• interaction between layers must be clear
Modularity each layer must be replaceable
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JANA, eic-smear, fun4all, ROOT, Geant4

eJANA, plugins, C++

analysis scripts, python

JupyterLab web interfacesimple

moderate

complex

expert



EIC Software
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Monte Carlo Event Generators
Tutorials in preparation

Fast simulations
Tutorials ✓

Reconstruction of physics processes
Tutorials in preparation 

Simulation of physics processes
Physics Working Group

Full simulations
Tutorials today

Physics analysis
Physics and Detector Working Groups

Simulation of detector responses
Detector Working Group



Remote tutorials
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January 2020     

Su Mo Tu We Th Fr Sa  

1  2  3  4  
5  6  7  8  9 10 11  
12 13 14 15 16 17 18  
19 20 21 22 23 24 25  
26 27 28 29 30* 31*
* EIC Generic Detector R&D 

February 2020      

Su Mo Tu We Th Fr Sa  

1  
2  3  4  5  6 7  8  

Feb. 6 Today

Jan. 9 Introduction fast simulations, JupyterLab analysis
9:00 a.m. and 6:00 p.m. (EDT) with 79 participants 

Detector Full Simulations implement and integrate subdetector in 
existing detector concepts, modify detector conceptToday

Continuing tutorials according to survey and other requests

Detector Full Simulations repetition of 

Feb. MCEG, reconstruction stay tuned

recording

here at BNL

https://agenda.infn.it/event/21265/
https://indico.bnl.gov/event/7281/
https://agenda.infn.it/event/21265/


Support
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DevelopersUsers

experience

software-support@eicug.org Mailing list (anyone can contact)
Google forum (for archive of support requests and start of knowledge base)

http://eicug.slack.com/ EICUG Slack workspace with software-support channel

support team being built up
weekly shifts



Section
Status of EICUG simulations
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Simulations of physics processes and detector responses

Monte Carlo Event Generators

Fast simulations

Reconstruction of physics processes 

Simulation of physics processes

Full simulations

Physics analysis

Simulation of detector responses
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Broad collection of event generators used for EIC
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From https://wiki.bnl.gov/eic/index.php/Simulations and available in https://gitlab.com/eic/mceg

Monte Carlo Event Generators (MCEG)

https://wiki.bnl.gov/eic/index.php/Simulations
https://gitlab.com/eic/mceg


MCEG R&D for EIC

Unique MCEG requirements for EIC Science
• MCEG for polarized ep, ed, and eHe3

• including novel QCD phenomena: GPDs, TMDs
• MCEG for eA
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MCEG community 
• focus of last two decades: LHC

• lesson learned high-precision QCD 
measurements require high-precision MCEGs

• MCEG not about tuning but about physics
• ready to work on ep/eA



Online catalogue for MCEGs (in preparation)
• Categories ep, eA, radiative effects

• Name

• Contact information

• Brief Description What processes are described? What is unique about the MCEG? Include version number as reference. 

• References (links) website, repository, documentation, container, validation plots
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Example
• Category ep, eA, exclusive vector meson production, general photoproduction

• Name eSTARlight

• Contact Information Spencer Klein, srklein@lbl.gov

• Brief description eSTARlight simulates coherent photoproduction and electroproduction of vector mesons in ep and eA collisions. It 
can simulate a variety of different vector mesons, and it also includes an interface to DPMJET, which allows for general simulation of 
photonuclear interactions. It internally simulates most simple (2-body) vector meson decays with a correct accounting for the initial 
photon polarization (transverse for Q^2 ~ 0, with an increasing longitudinal component with increasing Q^2) in the angular 
distributions of the final state. It can also interface to PYTHIA8 to simulate more complicated decays.

• References The code is freely available from https://estarlight.hepforge.org/ The Readme file includes a fairly comprehensive users 
manual. The physics behind the code is documented in M. Lomnitz and S. Klein, Phys. Rev. C99, 015203 (2019).

Example MC simulations will be available on HepSim for benchmarks and validation (more and more examples added). 

mailto:srklein@lbl.gov
https://gcc01.safelinks.protection.outlook.com/?url=https://estarlight.hepforge.org/&data=02%7C01%7Cmdiefent@jlab.org%7C21a0891f3a634882fa3a08d6a3793188%7Cb4d7ee1f4fb34f0690372b5b522042ab%7C1%7C1%7C636876138268654510&sdata=12U1usBssj7Hu8P2Gx5y0kM1rklvK3OpxoRMiG2h3HU=&reserved=0


JupyterLab integration of MCEG (ongoing)
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Visualization of ep collisionExample: Container for Pythia8+DIRE

Jupyter notebook interface



Simulations of physics processes and detector responses

Monte Carlo Event Generators

Fast simulations

Reconstruction of physics processes 

Simulation of physics processes

Full simulations

Physics analysis

Simulation of detector responses
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Detector Simulation

• collaboration with Geant4 International Collaboration

• liaison Makoto Asai (SLAC)

• Geant4 for EIC

• coordinate input for Geant4 validation based on EIC physics list 

maintained by (former) SLAC Geant4 group

• Geant4 10.6 recommended (released Dec. 6)

EICUG - Full Detector Simulation Tutorial 
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EIC
• energy range is different from LHC

• validation, tuning and extension 

including test beam studies

09/24 Geant4 Technical Forum on EIC 

• EIC detector and physics simulations rely on Geant4

• knowledge transfer (e.g., sub-event parallelism or tessellated solids)

• maintain EIC physics lists

• request improved photo-nuclear and electro-nuclear reactions

19



Geant4 infrastructure for EICUG
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Requirements
• EIC Generic Detector R&D program (T. Ullrich) “a 

simple lite setup with a well defined geometry 
description standard that is easy to use”

• EICUG Flexible accelerator and detector interface with 
full support of existing IR designs and detector 
concepts 

Approach 
• common repository for detector R&D for EIC 
• common detector description in Geant4 (C++) and not 

yet DD4hep (sub-detectors developed in Geant4 (C++))
• common detector naming convention for EIC
• possible common hits output structure 
• concise document and template on how to implement 

and integrate subdetector in EIC detector concepts

Discussion
• two in-person meetings 

• 07/10 EIC Software Meeting at BNL (minutes)
• 09/24 EIC Software Meeting at JLAB (minutes)

• evaluation 09/30, 10/21, 10/28, 11/18, 11/25

Two solutions proposed
1. detector simulations in fun4all, major update  for 

common EIC simulations
2. Geant4 application g4e, integrated in JupyterLab

https://indico.bnl.gov/event/6336/
https://docs.google.com/document/d/1EvE1vaEJ59YM5XWLDK4ScVSbVPFxoOhpz2OI8nquB04/edit
https://www.jlab.org/indico/event/339/
https://docs.google.com/document/d/1uaUORcugOzTKaJWhSZfrS7cET-3Oq6NomlgedQIOhIc/edit


Fun4All + GEANT4

For details: see selected Fun4All  presentations https://www.phenix.bnl.gov/WWW/publish/pinkenbu/EIC/

• Mature Framework based on ROOT, steering with ROOT macros
• Modular – each detector is its own entity
• No central code needs to be modified when adding new detectors
• Detectors are combined using ROOT macros
• Distribution as singularity container + libraries in cvmfs*
• Daily builds + Continuous Integration
• No geometry model enforced
• Interface to eic-smear: most EIC specific Event generators accessible
• Pre-canned configurations for EIC-sPHENIX and partial JLEIC
• Used to provide input for our EIC detector LOI**
• Generic Volumes (box, cylinder, cone) can be implemented no macro 

level
*Installation: https://github.com/EIC-Detector/Singularity

Pythia8 in a 
six layer 
silicon 
detector 
mockup and 
2T field

Sarte as seen by an EIC detector

10 GeV Au on
water 
phantom
(NASA Space 
Radiation Lab)**https://arxiv.org/pdf/1402.1209.pdf

https://indico.bnl.gov/event/5283/attachments/20546/27556/eic-sphenix-dds-final-2018-10-30.pdf

https://www.phenix.bnl.gov/WWW/publish/pinkenbu/EIC/
https://github.com/EIC-Detector/Singularity
https://arxiv.org/pdf/1402.1209.pdf
https://indico.bnl.gov/event/5283/attachments/20546/27556/eic-sphenix-dds-final-2018-10-30.pdf


Implementing a Detector in Fun4All

Simplest Example, more sophisticated to come:
https://github.com/EIC-Detector/g4exampledetector: 
simple/source: Simplest case - everything hardcoded, only active volumes
simple/macro: Fun4All_G4_Example01.C to run the show (and save Hits in ntuple)

Let’s call your detector PDirc*, 3 classes need to be implemented : 
G4PDircSubsystem à interface between Fun4All and Detector
G4PDircDetector à GEANT4 Construct method
G4PDircSteppingAction à select which quantities to store for each hit
*Detector names can be set on the command line but you do not want identically named sources

Email: 
Chris Pinkenburg pinkenburg@bnl.gov
Jin Huang jhuang@bnl.gov

Tutorials:
https://github.com/EIC-Detector/tutorials
Join slack channel for support: 
https://join.slack.com/t/eic-design-study/signup

Example01: block with 
½ cylindrical hole

Geantino Scan to verify
geometry using entry/exit
coordinates of geantino tracks

https://github.com/EIC-Detector/g4exampledetector
mailto:pinkenburg@bnl.gov
mailto:jhuang@bnl.gov
https://github.com/EIC-Detector/tutorials
https://join.slack.com/t/eic-design-study/signup


G4E (Geant 4 EIC)

Standalone C++ 
Geant4 

application

Various EIC MC 
file formats

Beagle, Pythia6, 
HEPMC - Pythia8, 
Herwig and others

Integration with 
accelerator 
elements

Infrastructure to 
import Geant4 

detector 
geometry and 

simulation code 
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Subdetector integration in G4E

G4E goals
• Ability to have several “master” detectors (and IRs) such as BeAST, JLEIC etc. 

• Ability to easily import Geant4 standalone detector implementations
• Ways to send the “right” configuration to a subdetector depending on selected “master” detector, so that one 

detector implementation could serve for different IRs
• Stay as close to Geant4 as possible, to stay convenient for Geant4 experts

BeAST JLEIC ePHENIX Whatever?

Subdetectors

Master detectors
To import a subdetector:
• SubDetectorInterface class implementation

• Subscribe to various standard Geant 4 actions 
(SteppingAction, StackingAction, etc)

• Define subdetector’s place in one or many 
“master” detectors
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Accelerator interface
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Accelerator design (beam elements)

Engineering Design (CAD)
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IR AND FAR-FORWARD OPTICS 7-11

Figure 7.6: The beam-pipe design for a horizontal crossing angle of 50 mrad and masking for
synchrotron radiation is shown. The radius of the synchrotron mask on the electron line at z = 1m
is 1.2 cm.

Synchrotron radiation Various sources of synchrotron radiation must be considered in de-
tailed background studies. Any time the trajectory of a charged particle is bent, synchrotron
photons are emitted tangential to the particle’s path. Bending and focusing of the electron
beam is the main cause of synchrotron radiation within the IR. However, contributions from
the upstream electron beam scattering o↵ residual gas must be assessed as well. It is important
to place the IP far away from strong bending magnets in the arcs to minimize synchrotron
radiation. The tracking detectors in the central detector and the calorimeter will be properly
shielded against synchrotron radiation; therefore, a number of absorbers and masks must be
applied along the electron beam direction. Synchrotron radiation also deposits several kilo-
watts of power into the beam pipe in the central detector region, which must then be cooled.
Additionally, synchrotron radiation can degrade vacuum quality by causing gas desorption
from vacuum chamber walls and/or heating of the residual gas. Synchrotron radiation is also a
direct and indirect source of background in the Compton polarimeter, the luminosity monitor,
and low-Q2 tagger located on the downstream electron side of the IR.

Beam gas interactions Beam-gas interactions occur when proton or ion beam particles
collide with residual beam gas. Ion beam interactions with gas cause beam loss and halo which
may reach detectors. This can be an important source of neutrons that thermalize within the
detector hall. A crossing angle and short section of shared beam pipe in the JLEIC design
minimizes the beam-gas challenges.

Beam halo Particles formed from elastic collisions of both electron and proton beams with
residual gas or beam-beam interactions can form a halo around the beam. Often the result is an
on-momentum electron or ion with large scattering angle. These particles can then generate
additional background by interacting with the beam pipe. Beam halo must be studied to
determine whether “scraping” the halo with collimators is required, and determine the proper
placement of those collimators.

Neutron flux Neutrons with energies around a few hundred keV can be detrimental to de-
tector components like silicon photo-multiplier tubes which are especially vulnerable. A quan-
titative estimate of the neutron flux is necessary for detector development and placement. To
achieve this, modeling the experimental hall in collaboration with the Radiation Control Group
has been initiated.

Detector Simulations
(Geant4)Tuning

Status eRHIC and JLEIC information available
Common interface under active development



Why two options?

• At The Software Working Group was caught by the start of the “Yellow Report” effort 
with two ongoing developments for full simulations: 

• fun4all, originated from within (s)PHENIX, mature and centered around the use of ROOT 
macros

• g4e, build up for the EIC (and therefore in a “younger” stage of development) constructed as 
a pure GEANT4 application (and integrated into JupyterLab environment) 

• Each of the two is supported by a core team of developers. 

• We put forward both options, leaving the “users” the freedom to choose base on their 
coding preferences. 

• We will take advantage of the two codes to cross-check few selected and critical results 
in order to improve our confidence in the outcome of the simulations.
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Simulations of physics processes and detector responses

Monte Carlo Event Generators

Fast simulations

Reconstruction of physics processes 

Simulation of physics processes

Full simulations

Physics analysis

Simulation of detector responses

27EICUG - Full Detector Simulation Tutorial 



Reconstruction options (in alphabetical order)
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A Common Tracking Software (ACTS)

EiCRoot (slide 29)

ATLAS software → generic, framework- and experiment-independent track reconstruction software

Collaboration of LBNL NP and HEP (Y. S. Lai et al.) for ACTS for EIC

eJANA

Fun4all (more in Chris’s tutorial)

JANA2 (slide 30) + plugins
• EIC data reconstruction

• EIC data analysis



Consider vertex tracker + TPC in 3T field; shoot 10 GeV/c pions at q=75o

-> see examples/tracking/config.2 directory for details

§ Once Docker image is downloaded it takes <5 minutes to generate this plot
EICUG - Full Detector Simulation Tutorial 29

EicRoot: Example tracking study



JANA2
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JANA C++ event processing framework

• factory model on demand interface, user-centered design
• multi-threaded with > 10 years experience
• plugin support provide mechanism for many physicists to 

contribute, multi-threading external to contributed code 
(parallelizer) 

JANA2 active development (JLAB LDRD)

• take advantage of new C++ standards
• Python interface
• part of Streaming Readout Grand Challenge at Jefferson Lab 

(C++ streamed events processing framework)
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Agenda’s of today’s EIC Software Meeting
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Detector Full Simulation Tutorial 
• implement and integrate subdetector in existing detector concepts
• modify detector concept

9:30 a.m. (EDT)

g4e example (Dmitry)
Quickstart https://eic.gitlab.io/documents/quickstart/
Preparations docker pull electronioncollider/epic-gui

Greenfield Discussion
classify EICUG Simulation efforts and feedback into NP and HEP Software & Computing landscape

Luminosity Monitor as example subdectector (Jaroslav)

fun4all (Chris)
Quickstart https://github.com/EIC-Detector/Singularity
Download https://www.phenix.bnl.gov/WWW/publish/phnxbld/sPHENIX/Singularity/index.html

10:00 a.m. (EDT)

2:00 p.m. (EDT)


